The obesity rate of children with intellectual disabilities is reportedly much higher than that of children without disabilities. One of the possible reasons is that children with intellectual disabilities are less physically active than children without disabilities. To avoid accidents, children with intellectual disabilities often lead inactive lives indoors. Moreover, studies examining the barriers and facilitators of physical activities and exercise among the parents of children with intellectual disabilities have clearly shown that there is a need for physical activities that these children and their family can do together.
The obesity rate of children with intellectual disabilities is reportedly much higher than that of children without disabilities. One of the possible reasons is that children with intellectual disabilities are less physically active than children without disabilities. To avoid accidents, children with intellectual disabilities often lead inactive lives indoors. Moreover, studies examining the barriers and facilitators of physical activities and exercise among the parents of children with intellectual disabilities have clearly shown that there is a need for physical activities that these children and their family can do together.
First, we found that the time per day during summer vacation devoted to physical activities was significantly shorter than the time during school days devoted to such activities for children with intellectual disabilities. Children who remain inactive during holidays gain weight easily. Moreover, the state of inactivity can lead to future health problems.
In light of this, we developed a distance health education system for fostering exercise habits in children with intellectual disabilities. The system was built using a smartphone application and a network server for collaborative support involving teachers and family. The smartphone application measures the walking distance using a global positioning system (GPS) and counts the number of steps taken using an accelerometer. The web software presents the state of the child's physical activity using graphs and maps.
We have also conducted a long-term clinical trial using the system with a 10-year-old boy with Down syndrome. The boy wore the smartphone to calculate his amount of physical activity, and we sent daily feedback via email to him and his family to enhance communication with them using the system. No significant difference was found between his amount of physical activity in 2016 and 2017; however, his number of steps increased gradually.
Introduction
Since the 1980s, the fitness and athletic ability of children in Japan have been declining. A contributing factor is that the amount of daily physical activity of children has decreased gradually (1) . The change in child play styles from physical play outside, as with sports, to inactive playing inside, such as TV or internet games, has led to the neglect of sports and exercise (2) . Consequently, the increasing incidence of children with health problems due to inactivity poses a severe social problem (3) . The necessity of exercise opportunities for children has been brought to light recently. In 2010, the Japan Sports Association established guidelines for child physical activity, the "Active Child Program," in collaboration with the Ministry of Education, Culture, Sports, Science and Technology (4) .
Some studies have indicated that children with intellectual disabilities have lower levels of physical fitness and higher rates of obesity than children without disabilities. The main reasons are inferred to be their movement difficulties, which are traceable to disability conditions and lower overall amounts of daily physical activity (5, 6) .
From the information presented above, we surmised that kaleidoscopic changes in lifestyle affect the low fitness levels of children with intellectual disabilities and children without disabilities. Furthermore, other social factors might contribute to their lower fitness levels. For instance, children with intellectual disabilities must be accompanied by family members to receive support when attending various community exercise or physical activity programs during their leisure time. Therefore, family circumstances can affect whether or not the children attend these programs. Moreover, families discourage children from playing outside during their leisure time for safety reasons (7) .
Researchers have examined the barriers and facilitators of physical activity and exercise among the parents of children with intellectual disabilities. In that study, the specific barriers were categorized as: "Too busy," "To have to care for one's family," "Nobody to do it with," etc. (8) . It is surmised that the parents of children with intellectual disabilities have difficulty assuring opportunities for exercise. Therefore, providing opportunities for exercise that these children and their families can do together might motivate them to be more physically active. Accordingly, these opportunities can be expected to promote physical activity and exercise in children with intellectual abilities.
Purpose
Leading-edge technological developments have improved and advanced human society worldwide. However, opportunities and benefits from these technologies rarely extend to people with physical and mental disabilities. One reason is that people with disabilities represent a small minority of the population. For this reason, demand for such technologies is low. Nevertheless, we think that technology should be used to assist all minorities, especially those with disabilities, helping them to live better and fuller lives.
The purpose of this study was to develop a smartphone application for distance support and education to promote the health of children with intellectual disabilities. Subsequently, we conducted a clinical trial with a child to confirm the effectiveness of the system for fostering a child's exercise habits.
System Development
Our prior research showed that the time per day during summer vacation devoted to physical activities was significantly shorter than the time during school days devoted to such activities for children with intellectual disabilities.
We think that the families and teachers of children with intellectual disabilities must also support the children's healthcare cooperatively during long vacations. In particular, teachers may be able to contact children and family members better and boost their motivation for health promotion during long vacations. However, mutual communication for support during vacations cannot be achieved easily. Accordingly, we developed a distance education system to support children with intellectual disabilities, specifically to foster exercise habits. Figure 1 shows a diagram of the system. We first selected a smartphone as the system device and started to develop a smartphone application. Next, we built a network server for a smartphone application to save the obtained data and to share the data with teachers and family members. Figure 2 shows an outline of the system.
Application for Measuring Physical Activity
The application for measuring physical activity was developed using the Android 4.0 smartphone operating system. The Android JAVA IDE, Eclipse (Luna Release 4.4.0) programming language was used for software development. The developed application, "Location Collector," has the following application functions.
1] User authentication before working 2] Walking distance measurement using a global positioning system (GPS) 3]
Step counting using an accelerometer 4] Camera function for taking photos 5] Automatic upload of all data Walking distance is measured using the smartphone's built-in GPS. The application, shown in Figure 3 , acquires location information using the GPS. It then calculates the walking speed and distance travelled. An original algorithm is used to count the steps with an accelerometer. Scrolling displays the physical activity data in the foreground, but the application can function in the background. The icon for the application includes a status bar to conserve smartphone battery power. Moreover, photographs of the meals that children eat can be taken using the application and uploaded with location information. All collected data are uploaded automatically from the smartphone to a network server. Successive attempts to connect and upload data to the network server are made every 30 s.
Cloud Server for Estimation Data
Next, we built a network server that teachers and families can use to estimate and share a child's physical activities and nutrition data on a web browser. Before using the server software, a teacher must register users. The following information is required for registration.
1] Student ID number, name and address (The address is necessary to show a base point on a server software map. The web software presents the child's state of physical activity, total distance travelled, average walking speed, steps and time series walking distance graph, and photographs each day. Furthermore, the child's walking path is shown on a Google map (Google Inc.) on the same web page. Data can be exported as a spreadsheet file (Excel; Microsoft Corp.) from the server to a personal computer (PC) [Fig. 2, 3] . After teachers check the data, they send 
Clinical Trial

Subject and Methods
We have been conducting a clinical trial with a 10-yearold boy with Down syndrome since April 2015, in collaboration with National Hospital Organization East Nagano Hospital. The boy is a student at a school in Nagano, Japan for children with special needs. He tends to be overweight.
Before the clinical trial, both the boy and his family received a thorough explanation of the research purpose, research methodology and participation period, possible physical or mental impact, and the risks involved. The parents provided informed consent for the boy to participate in the study.
The boy was instructed to wear a small waist pouch containing a smartphone during the daytime. Because the boy was unable to put the pouch on by himself, his family or teacher would help to fasten it securely. To establish remote communications between the family and members of the research staff, we used Gmail (Google Inc.) to send daily messages to his smartphone. We used Gmail's existing "emojis" when reporting the level of physical activity that he achieved each day [Fig. 4 ].
The clinical trial has continued for more than 1 year. Accordingly, we compared the data from two periods (for 40 days, from April 9 to May 18, in 2016 and 2017). Table 1 shows the following data: 1] the total distance travelled/period, 2] the number of steps/day, 3] the frequency of system use/period, and 4] the number of days that the boy and his family exercised together/period [ Table 1 ].
Results
The differences in the state of physical activity and the frequency of system use during the two periods were compared using a t-test (SPSS 16.0 Family; SPSS Inc.). Statistical significance was set at the 5% level. No significant differences were found between data from 2016 and 2017. However, the number of steps/day in 2017 increased by 9.5% compared to 2016 (11772±6203 vs 10754±5941). The number of days that the boy and his family exercised together increased by 15.0% (22/40 days vs 16/40 days). Moreover, he used the system 28 out of 40 days in 2016 (70.0%), but 36 out of 40 days in 2017 (90.0%). When he attended day care facilities on Saturdays in 2017, he was not permitted to wear the waist pouch containing the smartphone. For this reason, we were unable to obtain data on Saturdays.
Discussion
We developed a distance education system to foster exercise habits in children with intellectual disabilities and their family. Many healthcare tools using various devices have been developed for use in modern society, but few tools are available for people with disabilities. These tools are scarce, and those that are available are extremely expensive. Therefore, we have developed a smartphone application and a data server to support the health of children with disabilities.
A noteworthy point of the system is that it can be operated simply. Children who lack knowledge and comprehension of letters and mathematical concepts can easily operate the system via the display.
For this study, we conducted a clinical trial to verify the feasibility of our application to assist a boy with Down syndrome. Before the boy and his family used the application, we explained the effects of exercise for maintaining and promoting the boy's health, and we motivated the boy and his family to exercise habitually. During the clinical trial, we sent daily feedback to encourage them. frequency of system use and the number of days that he exercised with his family increased gradually. This is likely because of the support he received from both his family and the researchers. Actually, we could confirm on a PC that the boy and his family exercised after school more frequently in 2017. We surmised that his family changed their mind with regards to maintaining and promoting not only his but also their own health.
Results of the clinical trial indicate that technology is indispensable for implementing distance education to foster exercise habits. However, we also feel strongly that communication between the user and supporter is an essential part of the education. The system was developed using a smartphone, but direct communication between people is essential. We assume that technology combined with personal interaction can promote the welfare of people with disabilities.
Conclusion
A clinical trial involving a boy with Down syndrome and his family was conducted to test a distance education system for fostering exercise habits. Continuous communication using the system should make fostering exercise habits easier.
As the next stage of this research, we are developing another smartphone application that children with intellectual disabilities and their family can use to check their own data collected by the application and exercise independently.
